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Preamble 
 
In recent years bismuth-based, layer-structured perovskites such as SrBi2Nb2O9 (SBN) 
and SrBi2Ta2O9 (SBT) have been investigated extensively, because of their potential use 
in ferroelectric random access memories (FeRAMs). In comparison with non-layered 
perovskite ferroelectrics such as Pb(Zr,Ti)O3 (PZT), these offer several advantages such 
as  fatigue free, lead free, low operating voltages and most importantly their ferroelectric 
properties are independent of film thickness in the 90 to 500 nm range. For FeRAM 
device applications, large remnant polarization (Pr), low coercive field (Ec) accompanied 
by high Curie temperature (Tc) are required for better performance and reliable operation. 
Much effort has been made to improve the ferroelectric properties of SBN and SBT 
ceramics by doping on A or B sites. It was known in the literature that partial substitution 
of Sr2+ by Bi3+ ions in SBN and SBT would increase the Curie temperature and improve 
the dielectric properties.  
 
The focus of the investigations that were taken up was to improve the electrical, dielectric 
and ferroelectric characteristics of SrBi2Nb2O9 ceramics. It was reported that the 
ferroelectric and nonlinear optical properties of LiNbO3 and LiTaO3 could be improved 
when vanadium, the lightest element in group V of the periodic table is substituted for Nb 
or Ta along with Li and three oxygens. It is with this background the investigations have 
been taken up to see whether one can extend the same argument to the Aurivillius family 
of oxides. Therefore, the central theme of the present investigations aimed at substituting 
Nb5+ by a smaller cation V5+ in SBN and study its influence on the formation 
temperature, sinterability, structural and microstructural characteristics apart from its 
physical properties.  
 
Recently the optical properties of this material have been recognized to be important 
from the optical device point of view. Unfortunately single crystal growth of vanadium 
doped SBN was hampered because of the bismuth and vanadium loss (high volatility) 
observed in the process of growth. One of the routes that attracted our attention has been 
the glass-ceramic. It would be interesting to visualize the behavior of crystallites of 
nano/micrometer size embedded in a glass matrix as these crystals were known to give 
rise to exotic properties. One of the crucial steps in the process of fabrication of a glass 
nanocrystalcomposite system in which crystalline phases have symmetries that would 
eventually give rise to basic non - centrosymmetric properties such as piezoelectric, 
pyroelectric and Pockels effects, has been to choose a compatible matrix material 
associated with easy glass forming capability and the ability to evenly disperse dipolar 
defects within itself. Recent investigations into strontium borate SrB4O7 (SBO), lithium 
borate Li2B4O7 (LBO) glasses indicated that LBO by virtue of its favorable structure, 
thermal and optical properties would form a suitable host glass matrix for dispersing 
layer structured ferroelectric oxides belonging to the Aurivillius family of oxides. Since 
lithium borate has wide transmission window, it was worth making an attempt to 
fabricate optical composite of Li2B4O7 (LBO) and vanadium doped SrBi2Nb2O9 (SBVN) 
and to study its structural, dielectric, pyroelectric, ferroelectric and optical properties.  
Therefore the present thesis reports detailed investigations into the effect of vanadium 
doping on the structural and various physical properties of an n = 2 member of the  
Aurivillius family of oxides in the polycrystalline form and novel glass composites 
comprising nano/microcrystallites of this phase. 
 
 
Chapter 1 comprises a brief introduction to the dielectric, pyroelectric, ferroelectric and 
nonlinear optical properties of materials. In addition to the principles and phenomena, the 
material aspects of these important branches of physics are discussed. It also forms a 
preamble to the glasses, criteria for glass formation, glass – ceramics and subsequently 
ferroelectric and nonlinear optical effects that were observed in glasses and glass - 
ceramics. Chapter 2 describes the material fabrication techniques adopted to prepare 
polycrystalline and grain – oriented ceramics, glasses and glass nanocrystalcomposites. 
The details of various structural, dielectric, pyroelectric, ferroelectric and optical 
measurement techniques employed to characterize these materials are also included.  
 
 
Chapter 3 discloses the fabrication of strontium bismuth niobate ceramics and their 
characterization for dielectric and impedance properties. The dielectric properties of 
strontium bismuth niobate ceramics have been modeled based on Jonscher’s Universal 
formalism. The coefficients of the Jonscher’s expression, exponent n(T) undergoes a 
minimum and A(T) exhibits a peak at the Curie temperature, Tc (723K). A strong low 
frequency dielectric dispersion (LFDD) associated with an impedance relaxation has been 
found to exist in these ceramics in the temperature range 573 - 823K. The Z′′ of the AC 
complex impedance showed two distinct slopes in the frequency range 100Hz-1MHz  
suggesting  the existence of two dispersion mechanisms. The exponents m and n were 
obtained from the curve fitting. The exponent n was found to exhibit a minimum at the 
Curie temperature, Tc (723K) whereas the m was temperature independent. Chapter 4 
deals with the fabrication of vanadium doped  SrBi2Nb2O9 ceramics and their 
characterization for microstructural, dielectric, pyroelectric and ferroelectric properties. 
The average grain size of the SrBi2Nb2O9 (SBN) ceramic containing V2O5 was found to 
increase with increase in V2O5 content. The dielectric constant (εr) as well as the 
dielectric loss (D) increased with increase in grain size (6µm-17µm). The pyroelectric 
coefficient was found to be positive at 300K and showed an increasing trend with 
increasing grain size. Interestingly, the SrBi2(Nb0.7V0.3)2O9-δ ceramics consisting of 17µm 
sized grains showed higher remnant polarization (Pr) and lower coercive field (Ec) than 
those with grains of 7µm.  
 
Chapter 5 deals with the dielectric properties which were studied in detail in the 100Hz 
to 1MHz frequency range at various temperatures (300 – 823 K) for undoped and 
vanadium (10 mol%) doped SrBi2Nb2O9 (SBVN10) ferroelectric ceramics. A strong low 
frequency dielectric dispersion was encountered in these ceramics in the 573 – 823 K 
temperature range. The dielectric constants measured in the wide frequency and 
temperature ranges for both the samples were found to fit well to the Jonscher’s dielectric 
dispersion relations. The dielectric behavior of SBN and SBVN10 ceramics was 
rationalized using the impedance and modulus data. The electrical conductivity studies of 
layered SrBi2(Nb1-xVx)2O9-δ  ceramics with x lying in the range 0 to 0.3 (30 mol%) were 
centered in the 573 – 823K temperature range as the Curie temperature lies in this range. 
The concentration of mobile charge carriers (n), the diffusion constant (D0) and the mean 
free path (a) were calculated using Rice and Roth formalism. The conductivity 
parameters such as ion hopping rate (ωp) and the charge carrier concentration (K′) term 
have been calculated using Almond and West formalism. The afore mentioned 
microscopic parameters were found to be V2O5 content dependent in SrBi2(Nb1-xVx)2O9-δ 
ceramics.  Chapter 6 describes the fabrication of partially grain – oriented SrBi2(Nb1-
xVx)2O9-δ ( 3.00 ≤≤ x  in molar ratio) ceramics and characterization for their structural, 
microstructural, dielectric, pyroelectric and ferroelectric properties. The grain – 
orientation factor and the microstructural features were studied by XRD and scanning 
electron microscopy as a fuction of sintering temperature and V2O5 content. The 
dielectric constant measured along the direction parallel and perpendicular to the pressing 
axis has shown a significant anisotropy. The pyroelectric and ferroelectric properties 
were superior in the direction perpendicular to the pressing axis (polar) to that in the 
parallel direction.  
 
 
The fabrication and characterization details of  (100 – x) (Li2B4O7) – x (SrO - Bi2O3 - 0.7 
Nb2O5 – 0.3 V2O5) (10 ≤ x ≤ 60, in molar ratio) glasses and glass nanocrystal composites 
are dealt within Chapter 7. The nanocrystallization of strontium bismuth niobate doped 
with vanadium (SrBi2(Nb0.7V0.3)2O9-δ (SBVN)) has been demonstrated in Li2B4O7 
glasses.  The glassy nature of the as – quenched samples was established by differential 
thermal analyses (DTA).  The amorphous nature of the as – quenched glasses and 
crystallinity of glass nanocrystal composites were confirmed by X – ray powder 
diffraction studies. High resolution transmission electron microscopy (HRTEM) of the 
glass nanocrystal composites (heat – treated at 783K/6h) confirm the presence of nano 
rods of SBVN embedded in Li2B4O7 glass matrix. Chapter 8 presents the physical 
properties of the glasses and glass nanocrystal composites. Dielectric constant of both the 
as – quenched and glass nanocrystal composites was found to increase with increase in 
the composition, whereas the loss was observed to decrease with increasing SBVN 
composition. Different dielectric mixture formulae were employed to analyze the 
dielectric properties of the glass nanocrystal composite. The electrical behaviour of the 
glasses and glass nanocrystal composites was rationalized using impedance spectroscopy. 
The observed pyroelectric response and ferroelectric hysteresis of these composites 
confirmed the polar nature. Various optical parameters such as optical band gap (Eopt), 
Urbach energy (∆E), refractive index (n), optical dielectric constant (ε′∞) and ratio of 
carrier concentration to the effective mass (N/m*) were determined. The effects of 
composition of the glasses and glass nanocrystal composites on these parameters were 
studied. Transparent glasses embedded with nanocrystallites of SBVN exhibited intense 
second harmonic signals in transmission mode when exposed to IR laser light at λ = 1064 
nm. The thesis ends with a summary of the important findings and conclusions. 
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